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REAL-TIME VIDEO RADIATION EXPOSURE MONITORING SYSTEM 

CROSS-REFERENCE TO RELATED APPLICATION 
This application claims the benefit of the filing date of Provisional Application No. 
60/390,983, filed June 22, 2002, which application is hereby incorporated by reference. 

GOVERNMENT RIGHTS 
This invention was made with government support under Contract/Grant No. 
T42/CCT5 10420 awarded by the National Institute for Occupational Safety and Health. The 
govenunent has certain rights in the invention. 

BACKGROUND OF THE INVENTION 

This invention relates to systems and methods for monitoring radiation exposure, and 
more particularly to real-time radiation exposure monitoring systems and methods. 

The mission of health physicists in regard to radiation workers is to make their radiation 
exposure "as low as reasonably achievable", a Nuclear Regulatory Commission primary 
radiation protection philosophy known by the acronym "ALARA", without interfering with the 
workers' normal job performance. However, in order to accomplish this, the health physicist 
must first be able to recognize the radiation intensity. Regular survey for radioactive 
contaminants in a radiation facility using a survey meter is not only a judicious health physics 
practice, but is also required by Nuclear Regulatory Commission licenses and federal 
regulations. Failure to perform appropriate surveys can have serious repercussions. 

A number of approaches and instruments have been developed and used throughout the 
years with the goal of locating radioactive sources and quantifying the corresponding radiation 
exposure. The most common type of radiation detector is a Geiger-Mueller (GM) survey meter, 
also called a Geiger counter. A conventional GM meter is a handheld meter with a radiation 
detection probe and an analog display without any means for recording radiation measurements. 
Thus, if a record is desired, an operator must manually record meter readings on paper or other 
media. Such readings, of course, do not indicate the position or orientation of the meter with 
respect to any radiation source, nor do they reveal any information conceming work activities 
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near the radiation source that may have been a factor contributing to a given exposure level. 
Conventional GM meters and similar instruments are therefore not as useful as they might be to 
health physicists attempting to obtain an accurate assessment of workplace exposure during 
performance of (normal) job tasks, and yet such equipment is the mainstay for health physicists 
in the accompUshment of their mission. 

In recent years, in other contexts, the use of real-time instrumentation has been combined 
with the use of video to perform exposure assessments, e.g., assessments of exposure to air 
contaminants as described, for example, by James D. McGlothlin et al. in "Dust Control by 
Ergonomic Design," Proceedings IXth International Conference on Production Research, 687- 
694 (1987), and by Michael G. Gressel et al. in "Video Exposure Monitoring - A Means of 
Studying Sources of Occupational Air Contaminant Exposure, Part I - Video Exposure 
Monitoring Techniques," Applied Occupational and Environmental Hygiene 8(4): 334-338 
(1993). Despite such existing air monitoring methods, those in the radiation safety field have 
heretofore been forced to rely on relatively basic equipment and time-consuming techniques for 
assessing radiation exposure, and have thereby been hampered in their ability to develop 
effective strategies for reducing workplace exposure to radiation. 
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SUMMARY OF THE INVENTION 

The present invention provides a real-time video radiation exposure monitoring system 
which facilitates fast and effective radiation exposure assessments. The system comprises a 
radiation detector and video camera linked to a computer programmed to display video images 
from the camera simultaneously with data from the radiation detector. In one embodiment, the 
system includes a radio modem for wireless data communications between the radiation detector 
and the computer. 

As one aspect of the invention, a conventional Geiger-Miieller meter is modified by 
adding a circuit which makes it capable of outputting instantaneous measurements in RS-232 
serial format. 

This real-time video radiation exposure monitoring system allows a radiation safety 
professional to understand the exposure of an individual to radiation, and also allows for the 
determination of which elements during a job operation contributed to the individual's overall 
exposure. By understanding which specific task elements that lead to the greatest radiation 
exposure, a health physicist can train employees to utilize good health physics practices that will 
minimize the exposure. 

These and other objects and advantages of the present invention will be more apparent 
upon reading the following detailed description in conjunction with the accompanying drawings. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a block diagram of one embodiment of a real-time video radiation exposure 
monitoring system according to the present invention. 

FIG. 2 is a block diagram of the Geiger-Miieller (GM) meter of FIG. L 

FIG. 3 is an example of a simultaneous display of radiation exposure data and video data 
according to one embodiment of the present invention. 

FIG. 4 is an example of a simultaneous display of radiation exposure data and video data 
according to another embodiment of the present invention. 
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DESCRIPTION OF PREFERRED EMBODIMENTS 

For the purpose of promoting an understanding of the principles of the invention, 
reference will now be made to the embodiments illustrated in the drawings and specific language 
will be used to describe the same. It will nevertheless be understood that no limitation of the 
scope of the invention is thereby intended, such alterations and further modifications in tiie 
illustrated device and such further applications of the principles of the invention as illustrated 
therein being contemplated as would normally occur to one skilled in the art to which the 
invention relates. 

Referring to FIG. 1, one embodiment of a system 10 according to the present invention 
includes a radiation detector 12 which may be handheld by a radiation safety professional who 
uses it to locate radioactive contaminants during a survey of a laboratory or other facihty. The 
radiation detector may be a conventional Geiger-Mueller (GM) meter modified for digital output 
as will be described. The GM meter is connected by a wireless link, such as through a modem 
14 and modem 16, to a computer 18. An analog or digital video camera 20, which may also be 
handheld by the radiation safety professional, is connected to the computer through a video 
converter 22. Computer 18 may be a desktop or laptop computer. One example of a computer 
considered suitable for use in the disclosed embodiment is a Sony VAIO laptop with, for 
example, a Pentium III IGHz processor, 20 GB hard drive, 256 MB RAM, and Windows 2000 
or XP operating system. A suitable video converter for analog videotape is the Dazzle Digital 
Video Creator, USB version, commercially available from SCM Microsystems. 

As shown in FIG. 2, GM meter 12 includes the main components of a typical GM meter, 
including a detection probe 24 containing a Geiger-Mueller tube, an electronic meter circuit 26 
and a display or meter indicator 28. The meter circuit typically consists essentially of an 
amplifier with variable gain or sensitivity controlled by a multi-position switch 30 mounted on 
the front panel of the meter housing, and the display has a corresponding set of measurement 
scales. A Model 3 Survey Meter from Ludlum Instruments is an example of such a GM meter 
and is suitable for use in the disclosed embodiment. According to one aspect of the present 
invention, such a GM meter is modified by adding a circuit which makes it capable of outputting 
instantaneous measurements in a digital RS-232 serial format. The circuit includes a small 
programmable flash microcontroller 32 and a digital signal level converter 34, both powered by 
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the GM meter's onboard batteries. An Atmel ATtinylSL 8-bit microcontroller having RISC 
architecture and an internal A/D converter is suitable for the microcontroller, and a Maxim 
MAX3319 transceiver may be used as the level converter. 

The above-referenced Model 3 Survey Meter has a multi-pole, multi-position front panel 
switch 30 with a first set of contacts connected to the meter circuit for selecting a desired 
sensitivity, and an electrically isolated second set of contacts which are used in modified meter 
12 as connection points between adjacent resistors in a voltage divider. The voltage divider is 
supplied with power from the meter's onboard batteries. The common terminal for the second 
set of switch contacts is used as a voltage divider output and is connected to the microcontroller, 
which is suitably programmed to determine the switch position and thus the meter sensitivity 
setting from the voltage divider's DC output voltage. A DC level proportional to the battery 
voltage is supplied to the microcontroller from a fixed point in the voltage divider for purposes 
of monitoring the instantaneous charge of the onboard batteries. 

The microcontroller is responsible for collecting, converting, and routing data including 
GM meter readings, switch position and battery charge. RS-232 transceiver chip 34 translates 
the microcontroller's input/output voltages into levels compatible with a standard PC serial port. 
In one embodiment, the computer sends a data request every second to the microcontroller, 
which is programmed to respond by taking a current reading and sending the data value to the 
computer via the serial port. 

This modified GM survey meter sends data to computer 18 through modems 14 and 16, 
which may be Satel Satellite 3ASd radio modems. The computer in the disclosed embodiment is 
programmed to simultaneously display such data along with the corresponding video on the 
computer screen using Labview software, commercially available from National Instruments. 
The computer is also provided with Multimedia Video Task Analysis (MVTA) software, 
developed by engineers at the University of Wisconsin, Madison, and commercially available 
from NexGen Ergonomics Inc. The MVTA system is a time-based software system that allows 
easy categorization of work elements. The MVTA results are synchronized with real-time 
personal exposure data to identify specific exposure conditions. The signal from the GM meter 
may be overlaid, in a graphical format, with the video of an employee working. The radiation 
exposure profile may thus be superimposed on the video and thereby help identify which work 
element had contributed to the worker's exposure. In one embodiment of the present invention. 
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Labview is used to acquire exposure data and store the data in a data file, while the 
corresponding video is captured and stored in a video file using the Dazzle video converter. The 
exposure data and video data being collected may be displayed simultaneously, with the Labview 
display in a window on the left side of the computer screen and the video data in a window on 
the right side of the computer screen, as shown in FIG. 3. MVTA may subsequently be opened 
and used to provide a similar display firom data imported fi-om the data file and video file which 
were used to store data during data acquisition. An example of an MVTA display is shown in 
FIG. 4, with video in the upper left and radiation exposure data displayed against time on the 
right. The video record may be reviewed at any speed and in any sequence (real-time, slow 
motion, fast motion, or frame-by- frame in either forward or reverse direction). Analysts can 
replay any event as much as desired in a continuous loop or direct the video to display an 
arbitary event or point in time in stop-action. MVTA produces time study reports, and it 
computes the frequency of occurrence for each event. Both Labview and the MVTA system can 
provide real-time radiological and videography output data. However, the MVTA system has a 
statistical analysis program built into its software package. Lab View can provide the 
radiological data which can be later analyzed using Excel or similar software. 

In operation, a radiation safety professional may hold the modified GM meter and use it 
to locate radioactive contaminants during a survey of a laboratory or other faciUty. The unit 
measures the exposure levels as the video camera tapes a worker's job tasks for an entire work 
period. While the task is being performed, the data from the survey meter are automatically sent 
to the computer where they are combined in real time with the video, thus allowing a true real- 
time exposure assessment strategy. This method will assist the health physicist in interacting 
with the worker, allowing them to make recommendations for improving the worker's job 
performance. This will enhance the ability of the health physicist to see the effect that altered 
work practices have on the employee's exposure levels. The simultaneous overlay will also 
permit the data to be analyzed on site. 

While the invention has been illustrated and described in detail in the drawings and 
foregoing description, the same is to be considered as illustrative and not restrictive in character, 
it being understood that only preferred embodiments have been shown and described and that all 
changes and modifications that come within the spirit of the invention are desired to be 
protected. 
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